We propose statistical image analysis for psychological projective drawings to facilitate assessing the reliability of the projective drawing making the determination of its validity difficult. Standard analysis involves (1) drawing a picture, (2) scanning the drawing, (3) dividing the drawing, (4) analyzing the gray level histogram moment (GLHM), (5) applying spatial gray level dependence method (SGLDM), (6) applying the gray level difference method (GLDM) for the drawing, and (7) interpreting the drawing. To demonstrate the proposed procedure, we used the tree test (Baum test). Three adults were presented with blank A4 paper and asked to draw a picture of a tree with fruit on it. Drawings were analyzed by statistical image analysis and results interpreted clinically.
Introduction
In psychology and psychiatry, projective drawings are used to assess individual personalities and to holistically understand behavior [1, 2, 5, 8, 9] . The psychological use of projective drawings goes back to the beginning of the 20th Century. Goodenough [5] focused on drawings of people to measure the intelligence quotient (IQ). Buck [1, 2] furthered this work, adding house and tree components to round out the familiar triad. Koch [8] developed a tree test, or Baum test, for medical applications and personality assessment. Although projective drawings are comparatively old clinical psychological and psychiatric techniques, they are still frequently used among clinical psychologists, psychiatrists, and psychotherapists.
Projective drawing is, as its name suggests, away of projecting ambiguous stimuli with which participants project their inner states and needs. Projective techniques use relatively unstructured stimuli that participants are asked to draw, describe, talk about, or respond to in some way. Since drawing is considered to be a pictorial language, many clinical psychologists and psychiatrists tend to interpret drawings as communication in which a participant's inner states and needs are projected in drawings. Projective drawing is expected to reveal many things about a participant's affective state, inner conflicts, self image, and values, especially when the participants are initially shy or defensive [9] .
Interpretations of drawings tend to lack objectivity in projective drawing. Since the drawings are usually subjectively interpreted, cases occur in which interpretations are inconsistent even among experts. The difficulty in assessing in the reliability of projective drawing makes it difficult to determination its validity, so some psychologists consider that clinical research based on projective methods is questionable and outdated both theoretically and empirically [3, 4] .
We propose statistical image analysis for projective drawings. For statistical definitions, drawings can be considered to be the arrangement or spatial distribution of intensity variations in an image based on some underlying probabilistic model using three cases of the tree test [8] .
Overview
The proposed analysis of psychological projective drawings consists of the procedures below. Although statistical image analysis is often used in image processing [6, 7, 10] , no psychological or psychiatric research has, to our knowledge, been conducted on projective drawing using statistical image analysis.
Step 1. Drawing A participant is asked to draw a picture such as a person. As with Rorschach ink blots and TAT cards, the participant is presented with blank paper or a standardized drawing form and standard instructions about what to drawn, i.e., a house, tree, or person. Unlike Rorschach or TAT, projective drawing represents a maximum of ambiguity for the participant.
Step 2. Scanning Drawing
The drawing is scanned to create a digital image displayed on a computer screen.
Step 3. Dividing Drawing
The drawing is divided into several parts, e.g., the tree is usually divided into 4 parts (Fig.1) 
Step 4. Gray Level Histogram Moment (GLHM) Analysis of Drawing
For each region of the picture, a gray level histogram moment (GLMH) is analyzed. Indexes are the histogram mean, variance, and skewness.
Step 5. Spatial Gray Level Dependence Method (SGLDM) Analysis of Drawing
For each divided region of the picture, a spatial gray level dependent method (SGLDM) is applicated. Indexes are image energy, entropy, correlation, local homogeneity, and inertia.
Step 6. Gray Level Difference Method (GLDM) Analysis of Drawing
For each divided region of the picture, the gray level difference method (GLDM) is applicated. Indexes are contrast, angular second moment, entropy, mean, and inverse difference moment for the image's gray level difference.
Step 7. Interpretation of Drawing
The drawing is psychologically interpreted using statistical indexes for the image's GLHM, SGLDM, and GLDM. An overall evaluation of the image's statistical indexes is combined to clinical diagnosis of the projective drawing. 
Drawing and Editing Image (STEP 1-3)
Three participants taking the tree test were given blank A4 paper and asked to draw a picture of a tree with fruit on it based on the following instructions: "Draw a tree with fruit as you see it in your's eyemind." Participant A is a 21-year-old undergraduate man. Participant B is a 22-year-old undergraduate woman. Participant C is a 22-year-old graduate man. Their drawings are shown in Figs.2-4. Drawings were scanned to create a digital image displayed on a computer screen and divided into 4 rectangles (Fig.1) .
